I. Introduction
Deterioration means damage, spoilage, dryness, vaporization, etc. It is defined as decay or damage such that the item cannot be used for its original purposes. The effect of deterioration is very important in many inventory systems. The pioneering work of Harris [7] inventory models are being treated by mathematical techniques. He developed the simplest inventory model, the Economic Order Quantity (EOQ) model which was later popularized by Wilson [24] . Relaxation of some assumptions in the formulation of the EOQ model led to the development of other inventory models that effectively tackles several other inventory problems occurring in day-to-day life. Inventory of deteriorating items was first studied by Whitin [25] where he considered the deterioration of fashion goods at the end of prescribed storage period. Ghare and Schrader [5] extended the classical EOQ formula to include exponential decay, wherein a constant fraction of on hand inventory is assumed to be lost due to deterioration. Datta, T. K. and Pal, A. K. [4] gave order level inventory system with power demand pattern for items with variable rate of deterioration. Mandal, B. N. and Ghosh, A. K. [14] wrote a note on an inventory model with different demand rates during stock in and stock out period. Mandal, B. N. and Pal A. K. [15] have given order level inventory system for perishable items with power demand pattern. Teng, J. T. [21] has worked on model with linear trend in demand.
Manna and Chiang [13] developed an EPQ model for deteriorating items with ramp type demand. Teng and Chang [22] considered the economic production quantity model for deteriorating items with stock level and selling price dependent demand. Jain et al. [8] developed an economic production quantity model with shortages by incorporating the deterioration effect and stock dependent demand rate. Roy and Chaudhary [17] developed two production rates inventory model for deteriorating items when the demand rate was assumed to be stock dependent. In the research of Sana et al. [18] shortages are allowed to occur at the end of a cycle. With the consideration of time varying demand and constant deteriorating rate, the optimal production inventory policy was studied. Raman Patel [16] developed a production inventory model for deteriorating items following Weibull distribution with price and quantity dependent demand and varying holding cost with shortages.
Both Skouri and Papachristos [20] and Chen et al. [2] developed a production inventory model in which the shortages are allowed at the beginning of a cycle. In contrast,Manna and Chaudhari [12] have allowed shortages to occur at the end of each cycle. Goyal [6] deals with production inventory problem of a product with time varying demand, production and deterioration rates in which the shortages occur at the beginning of the cycle.
There are four synonyms of reuse according to Thierry et al. [23] . They are: Direct Reuse, Repair, Recycling and Remanufacturing. Schrady [19] was the first to consider reuse in a deterministic model.Recently, Mabini et al. [11] extended Schrady's model to consider stock-out service level constraints and multi-item system sharing the same repair facility. In the policy, expressions for the optimal control parameter values were derived. Koh [10] developed a joint EOQ and EPQ model in which the stationary demand can be satisfied by recycled products and newly purchased products. The model assumes a fixed proportion of the used products that are collected from the customers.
Recently, Bhojak and Gothi [1] have developed inventory models for ameliorating and deteriorating items with time dependent demand and IHC. Kirtan Parmar and Gothi [9] have developed an EPQ model of deteriorating items using three parameter Weibull distribution with constant production rate and time varying 
II. Notations
The mathematical model in this paper is developed using the following notations: 
III. Basic Assumptions
The model is derived under the following assumptions 1. The inventory system deals with single item. 2. The production rate is finite and constant, which is larger than the demand rate and is unaffected by the lot size. 3. Once a unit of the product is produced, it is available to meet the demand. 4. Once the production is started the product starts being deteriorated. 5. The annual demand rate is a linear function of time and it is D = α + βt. (α, β > 0). 6.Shortages are allowed and completely backlogged. 7. Replenishment rate is infinite and instantaneous. 8. All defective products can be repaired and reused. 9. The second and higher powers of θ, b and care neglected in the analysis of the derived model. 10. Total inventory cost is a real, continuous function which is convex to the origin.
IV. Mathematical Model And Analysis
Here, we consider a single commodity deterministic production inventory model with a time dependentlinear demand rate. The distribution of the time to deteriorate is random variable following the exponential distribution. The probability density function for exponential distribution is given by t f (t) e   ; (t > 0 and 0 < θ < 1) The instantaneous rate of deterioration θ(t) of the non-deteriorated inventory at time t can be obtained from
is the cumulative distribution function for the exponential distribution.Thus, the instantaneous rate of deterioration of the on-hand inventory is (t)    . The probability density function represents the distribution of the time to deteriorate which may have a decreasing, constant or increasing rate of deterioration. Initially, inventory level is zero. At time t = 0, the production starts and simultaneously supply also beginsandthe production stops at t = t 1 when the maximum inventory level Q 1 is reached. In the interval [0, t 1 ], before the production stops, the inventory is built up at a rate k -D and is depleted at the rate (θ -b + c). In the interval[t 1 , t 2 ] the inventory is depleted at the rate D and rate (θ -b). The inventory is finitely decreasing in the time interval [t 1 , t 2 ] until inventory level reaches zero. It is decided to backlog the demands up to Q 2 level which occurs during stock-out time. Thereafter, shortages can occur during the time interval [t 2 , t 3 ], and all of the demand during the period [t 2 , t 3 ] is completely backlogged. Thereafter, production is started at a rate (1-r)(k -D)so as to clear the backlog, and the inventory level reaches to 0 (i.e. the backlog is cleared) at t=T.
The pictorial presentation is shown in the Figure -1 . (4) Under the boundary conditions Q(0) = 0, Q(t 1 ) = Q 1 , Q(t 2 ) = 0, Q(t 3 ) = -Q 2 &Q(T) = 0, the solutions of equations(1) to (4)are given by
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and from (6),
Eliminating Q(t 1 ) from equations (9) and (10) 
and from (8), 
Eliminating Q(t 3 ) from equations (12) and (13), we get
Thus, t 2 can be written in terms of t 3 and so t 2 is alsonot a decision variable.
Cost Components:
The total cost per replenishment cycle consists of the following cost components:
1) Ordering Cost (OC)
The ordering cost OC over the period [0, T] is OC = A (Fixed)
2) Deterioration Cost (DC)
The deterioration cost DC over the period [0, t 1 ] and [t 3 , T] is 
3) Inventory Holding Cost (IHC)
The inventory holding cost IHC over the period [0, t 2 ] is
t t t t t t t (17)

4) Shortage Cost (SC)
Demand during the time [t 3 , T] is satisfied at a time as the production hasalready started at time t = t 3 and so shortage cost during this interval is not taken into account. 
t t t t t t t (18)
5) Lost Sale Cost (LSC)
The lost sale cost LSC over the period [t 2 , t 3 ] is
6) Purchase Cost (PC)
The purchase cost PC over the period [0, T] is
Hence, the total cost per unit time for the time period [0, T] is given by
Now, our objective is to determine optimum values t 3 * and T* of t 3 and T respectively to minimize the total cost TC. Using mathematical software, the optimal values t 3 * and T* can be obtained 
VI. Sensitivity Analysis
Sensitivity analysis depicts the extent to which the optimal solution of the model is affected by the changes in its input parameter values. Here, we study the sensitivity for the cycle length T and total cost per time unit TC with respect to the changes in the values of the parameters α, β, C h , C d , Cp, Cs, θ, b, c, r, k and A. The sensitivity analysis is performed by considering different values in each one of the above parameters keeping all other parameters as fixed. The results are presented in the Table. 
